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FMO3 gene
flavin containing monooxygenase 3

Normal Function

The FMO3 gene provides instructions for making an enzyme that is part of a
larger enzyme family called flavin-containing monooxygenases (FMOs). These
enzymes break down compounds that contain nitrogen, sulfur, or phosphorus. The
FMO3 enzyme, which is made chiefly in the liver, is responsible for breaking down
nitrogen-containing compounds derived from the diet. One of these compounds is
trimethylamine, which is the molecule that gives fish their fishy smell. Trimethylamine
is produced as bacteria in the intestine help digest certain proteins obtained from eggs,
liver, legumes (such as soybeans and peas), certain kinds of fish, and other foods. The
FMO3 enzyme normally converts fishy-smelling trimethylamine into another compound,
trimethylamine-N-oxide, which has no odor. Trimethylamine-N-oxide is then excreted
from the body in urine.

Researchers believe that the FMO3 enzyme also plays a role in processing some
types of drugs. For example, this enzyme is likely needed to break down the anticancer
drug tamoxifen, the pain medication codeine, the antifungal drug ketoconazole, and
certain medications used to treat depression (antidepressants). The FMO3 enzyme
may also be involved in processing nicotine, an addictive chemical found in tobacco.
Normal variations (polymorphisms) in the FMO3 gene may affect the enzyme's ability to
break down these substances. Researchers are working to determine whether FMO3
polymorphisms can help explain why people respond differently to certain drugs.

Health Conditions Related to Genetic Changes

trimethylaminuria

More than 25 mutations in the FMO3 gene have been identified in people with
trimethylaminuria. Most of these mutations lead to the production of a small,
nonfunctional version of the FMO3 enzyme. Other mutations change single building
blocks (amino acids) used to build the enzyme, which alters its shape and disrupts
its function. Without enough functional FMO3 enzyme, the body is unable to convert
trimethylamine into trimethylamine-N-oxide effectively. As a result, trimethylamine
builds up in the body and is released in an affected person's sweat, urine, and
breath. The excretion of this compound is responsible for the strong body odor
characteristic of trimethylaminuria. Studies suggest that diet and stress also play a
role in determining the intensity of the fish-like odor.



Chromosomal Location

Cytogenetic Location: 1q24.3, which is the long (q) arm of chromosome 1 at position
24.3

Molecular Location: base pairs 171,090,873 to 171,117,819 on chromosome 1 (Homo
sapiens Annotation Release 108, GRCh38.p7) (NCBI)

Credit: Genome Decoration Page/NCBI

Other Names for This Gene

• Dimethylaniline monooxygenase [N-oxide-forming] 3

• Dimethylaniline oxidase 3

• FMO3_HUMAN

• FMOII

Additional Information & Resources

GeneReviews

• Primary Trimethylaminuria
https://www.ncbi.nlm.nih.gov/books/NBK1103

Scientific Articles on PubMed

• PubMed
https://www.ncbi.nlm.nih.gov/pubmed?term=%28%28FMO3%5BTIAB%5D
%29+OR+%28flavin+containing+monooxygenase+3%5BTIAB%5D%29%29+AND
+english%5Bla%5D+AND+human%5Bmh%5D+AND+%22last+1800+days
%22%5Bdp%5D

OMIM

• FLAVIN-CONTAINING MONOOXYGENASE 3
http://omim.org/entry/136132
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Research Resources

• Atlas of Genetics and Cytogenetics in Oncology and Haematology
http://atlasgeneticsoncology.org/Genes/GC_FMO3.html

• ClinVar
https://www.ncbi.nlm.nih.gov/clinvar?term=FMO3%5Bgene%5D

• HGNC Gene Symbol Report
http://www.genenames.org/cgi-bin/gene_symbol_report?q=data/
hgnc_data.php&hgnc_id=3771

• NCBI Gene
https://www.ncbi.nlm.nih.gov/gene/2328

• UniProt
http://www.uniprot.org/uniprot/P31513

Sources for This Summary

• Bain MA, Fornasini G, Evans AM. Trimethylamine: metabolic, pharmacokinetic and safety aspects.
Curr Drug Metab. 2005 Jun;6(3):227-40. Review.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/15975041

• Dolphin CT, Janmohamed A, Smith RL, Shephard EA, Phillips IR. Missense mutation in flavin-
containing mono-oxygenase 3 gene, FMO3, underlies fish-odour syndrome. Nat Genet. 1997 Dec;
17(4):491-4.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/9398858

• Hernandez D, Addou S, Lee D, Orengo C, Shephard EA, Phillips IR. Trimethylaminuria and a
human FMO3 mutation database. Hum Mutat. 2003 Sep;22(3):209-13. Review.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/12938085

• Koukouritaki SB, Poch MT, Henderson MC, Siddens LK, Krueger SK, VanDyke JE, Williams DE,
Pajewski NM, Wang T, Hines RN. Identification and functional analysis of common human flavin-
containing monooxygenase 3 genetic variants. J Pharmacol Exp Ther. 2007 Jan;320(1):266-73.
Epub 2006 Oct 18.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/17050781

• Krueger SK, Vandyke JE, Williams DE, Hines RN. The role of flavin-containing monooxygenase
(FMO) in the metabolism of tamoxifen and other tertiary amines. Drug Metab Rev. 2006;38(1-2):
139-47. Review.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/16684653

• Mitchell SC. Trimethylaminuria: susceptibility of heterozygotes. Lancet. 1999 Dec 18-25;354(9196):
2164-5.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/10609842

• Zhang J, Tran Q, Lattard V, Cashman JR. Deleterious mutations in the flavin-containing
monooxygenase 3 (FMO3) gene causing trimethylaminuria. Pharmacogenetics. 2003 Aug;13(8):
495-500.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/12893987

page 3

http://atlasgeneticsoncology.org/Genes/GC_FMO3.html
https://www.ncbi.nlm.nih.gov/clinvar?term=FMO3%5Bgene%5D
http://www.genenames.org/cgi-bin/gene_symbol_report?q=data/hgnc_data.php&hgnc_id=3771
http://www.genenames.org/cgi-bin/gene_symbol_report?q=data/hgnc_data.php&hgnc_id=3771
https://www.ncbi.nlm.nih.gov/gene/2328
http://www.uniprot.org/uniprot/P31513
https://www.ncbi.nlm.nih.gov/pubmed/15975041
https://www.ncbi.nlm.nih.gov/pubmed/9398858
https://www.ncbi.nlm.nih.gov/pubmed/12938085
https://www.ncbi.nlm.nih.gov/pubmed/17050781
https://www.ncbi.nlm.nih.gov/pubmed/16684653
https://www.ncbi.nlm.nih.gov/pubmed/10609842
https://www.ncbi.nlm.nih.gov/pubmed/12893987


• Zhou J, Shephard EA. Mutation, polymorphism and perspectives for the future of human flavin-
containing monooxygenase 3. Mutat Res. 2006 Jun;612(3):165-71. Epub 2006 Feb 14. Review.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/16481213

• Zschocke J, Kohlmueller D, Quak E, Meissner T, Hoffmann GF, Mayatepek E. Mild
trimethylaminuria caused by common variants in FMO3 gene. Lancet. 1999 Sep 4;354(9181):834-5.
Citation on PubMed: https://www.ncbi.nlm.nih.gov/pubmed/10485731

Reprinted from Genetics Home Reference:
https://ghr.nlm.nih.gov/gene/FMO3

Reviewed: April 2007
Published: March 21, 2017

Lister Hill National Center for Biomedical Communications
U.S. National Library of Medicine
National Institutes of Health
Department of Health & Human Services

page 4

https://www.ncbi.nlm.nih.gov/pubmed/16481213
https://www.ncbi.nlm.nih.gov/pubmed/10485731
https://ghr.nlm.nih.gov/gene/FMO3

